When mouse neuroblastoma clonal cell line N4TGl cells were cultured in the presence of opiates or enkephalins, in the range 10-6-10-10 M for 24 Studies on the molecular basis of opiate action have been facilitated by the use of cell and organ culture systems. However, only two cell lines have been described that contain substantial numbers of opiate (enkephalin) receptors. These are a neuroblastoma-glioma hybrid line (NG108-15) (1) and a neuroblastoma line (N4TG1) (2). Clonal line N4TG1 was derived from a spontaneous C1300 neuroblastoma in an AJ strain mouse on the basis of its resistance to 6-thioguanine. Its characterized neuronal properties include expression of acetylcholine esterase activity, neurites that become impregnated with silver, electrically excitable membranes (3), and the presence of approximately 20,000 opiate receptors per cell as assessed by the stereospecific binding of the enkephalin analogue 125I-labeled Tyr-DAla-Gly-Phe-DLeu (2 Glycosphingolipid Analysis. The sonicated suspension containing approximately 107 cells in 1.2 ml of water was extracted with 6.0 ml of chloroform/methanol, 2:1 (vol/vol), for 30 min, with care taken to vortex the biphasic system at frequent intervals. The mixture was centrifuged at 600 X g for 5 min and the upper phase (containing sialoglycosphingolipids), interphase (a tight pad of insoluble protein, glycoprotein, and proteoglycan), and lower phase were carefully separated. The protein pellet was washed with chloroform/methanol, 2:1 (vol/vol), and used for gel electrophoretic studies.
Studies on the molecular basis of opiate action have been facilitated by the use of cell and organ culture systems. However, only two cell lines have been described that contain substantial numbers of opiate (enkephalin) receptors. These are a neuroblastoma-glioma hybrid line (NG108-15) (1) and a neuroblastoma line (N4TG1) (2) . Clonal line N4TG1 was derived from a spontaneous C1300 neuroblastoma in an AJ strain mouse on the basis of its resistance to 6-thioguanine. Its characterized neuronal properties include expression of acetylcholine esterase activity, neurites that become impregnated with silver, electrically excitable membranes (3) , and the presence of approximately 20 ,000 opiate receptors per cell as assessed by the stereospecific binding of the enkephalin analogue 125I-labeled Tyr-DAla-Gly-Phe-DLeu (2) . Recently, we have demonstrated that sulfatide (sulfogalactosylceramide) does not appear to be a constituent of the enkephalin receptor in N4TG1 cells (4) .
Studies in other laboratories with NG108-15 cells have demonstrated that opiates and enkephalins inhibit PGE1-stimulated adenylate cyclase activity in a stereospecific, naloxone-reversible manner (5) (6) (7) (8) . Similar effects are also seen in N4TG1 cells (unpublished observations). However, other cell lines that do not contain opiate receptors, such as the parental cell lines C680-1 (glioma) and N18TG2 (neuroblastoma), do not respond to opiates in this way. Continued culture of opiate receptor-positive NG108-15 cells in the presence of opiates and enkephalins produces a gradual restoration of adenylate cyclase activity until normal levels are achieved (5) (6) (7) (8) . Addition of naloxone at this point then produces a rapid accumulation of cyclic AMP in the cells (5 (10) . The 10 ml of eluant was dried and subjected to thin-layer chromatography on Analtech Silica Gel G plates in Abbreviations: GDIa, AcNeu-Gal-GalNAc[AcNeu]Gal-Glc-ceramide; GM2, GaINAc-!AcNeuJGal-GIc-ceramide; GM3, AcNeu-Gal-Glc-ceramide; GM,, Gal-GaINAc[AcNeuJGal-GIc-ceramide. the solvent system chloroform/methanol/0.02% aqueous calcium chloride, 60:40:9 (vol/vol). Plates were stained with resorcinol (11) , and bands corresponding to previously characterized human brain ganglioside standards were eluted and their radioactivity was determined by liquid scintillation counting. For quantitative analyses the plates were stained with iodine vapor and the sugars were analyzed by gas/liquid chromatography (12) .
The lower phase was fractionated into neutral lipids, glycolipids, and phospholipids on a 2.0 X 0.5 cm column of silicic acid (Unisil; Clarkson Chemical Company, Inc., Williamsport, PA) as described (9, 13) and the individual lipid areas were scraped for liquid scintillation counting or analysis by gas/liquid chromatography (9, 13). Phospholipids were separated by two-dimensional thin-layer chromatography as described (14) and their radioactivity was determined by liquid scintillation counting.
Polyacrylamide Gel Electrophoresis. Insoluble membrane fractions were solubilized in 1% sodium dodecyl sulfate (15) . An aliquot (10%) was removed for direct liquid scintillation counting and further aliquots (20 Ml) were applied to either 7.5 or 5% polyacrylamide slab cells with a stacking gel, according to the method of Grossfeld and Shooter (15) . Protein bands were stained with Coomassie blue or periodic acid-Schiff according to Steck and Yu (16) and the gel was sliced to facilitate determination of the level of radioactivity in each protein band.
Protein, Proteoglycan, and Nucleic Acid Synthesis. Soluble media proteins were precipitated four times with cold 10% trichloroacetic acid and an aliquot was subjected to liquid scintillation counting. Soluble media proteoglycans were precipitated with cetylpyridinium chloride as described (17) and cellular nucleic acids were precipitated with trichloroacetic acid. The precipitates were solubilized and aliquots were removed for liquid scintillation counting (17) .
Drugs. Morphine sulfate, levorphanol, dextrorphan, and naloxone were obtained from B. Wainer (University of Chicago). [DAla2,DLeu5]Enkephalin was a kind gift from S. Wilkinson (Burroughs-Wellcome Co., Beckenham, England). RESULTS Initial observations indicated that the sialoglycosphingolipid composition of mouse neuroblastoma N4TG1 cells consisted mainly of GM2 (GalNAc-[AcNeu]Gal-Glc-ceramide) and GD1a (AcNeu-Gal-GalNAc-[AcNeu]Gal-Glc-ceramide) gangliosides of the mammalian central nervous system together with GM3 and GM1 (Gal-GalNAc[AcNeu]Gal-Glc-ceramide) ( Further analysis of the effects of the above agents revealed that inhibition of synthesis of a number of individual gangliosides occurred, including GM2, GM1, and GD1a (Table 3) , and these effects were reversed by naloxone. Both morphine (in the concentration range 10-9 to 10-6 M) and [DAla2,DLeu5]enkephalin (in the concentration range 10-10 to 10-6 M) gave a dose-dependent inhibition of both GD1a and GM2 biosynthesis that was naloxone-reversible (Fig. 1) . In the case of GD1a, the morphine concentration for 50% inhibition was 7.5 X 10-8 M and for [DAla2,DLeu5lenkephalin it was 5 X 10-7 M. For GM2, these concentrations were 10-7 M for morphine and 5 X 10-7 M for [DAla2,DLeu5]enkephalin. Naloxone alone or dextrorphan had no effect. Furthermore, it was observed that the opiates and reversible by the coaddition of 2 pM naloxone (-and o, respectively). Naloxone (A) and dextrorphan alone had no effect; levorphanol was as potent as morphine.
[DAla2,iLeu5Jenkephalin had little effect on the synthesis of neutral glycosphingolipids (e.g., GL-4) or phospholipids; in fact, phospholipid synthesis was somewhat stimulated in a general, nonstereospecific fashion (Table 4) .
Proteins insolubilized by the Folch partition-extraction procedure were affected in a manner similar to that observed for sialoglycosphingolipids (Tables 2 and 4) : Polyacrylamide gel electrophoresis revealed that the effect was widespread among all the major membrane glycoproteins (Fig. 2) 
